Introduction {#sec1}
============

Lactic acid bacteria (LAB) are comprehensively dispersed in nature and occur normally as indigenous microflora in raw milk that assumes an essential part in several food and feed fermentations. LAB are a group of non--spore-forming Gram-positive bacteria that produce lactic acid as the main end product among the fermentation of carbohydrates and are utilized as starter culture [@bib1]. Strains of the genera *Lactobacillus* [@bib2], *Enterococcus* [@bib3] and *Bifidobacterium* [@bib4] are the most commonly studied and most widely used probiotic bacteria. Probiotics are defined as live microorganisms that, when administered in adequate amounts, confer a health benefit to the host [@bib5]. Nowadays there is an expanding need for new strains of LAB that convey probiotic qualities and that have an impact on well-being as well as on human and animal health. Such LAB can be acquired from different natural ecologic niches which stay unexploited. Also, LAB are a focal point of intensive universal research for their fundamental part in most fermented food as well as for their capacity to create different antimicrobial compounds advancing probiotic properties, reduction of serum cholesterol, stabilization of gut microflora, alleviation of lactose intolerance and stimulation of the immune system [@bib6].

Camel\'s milk, which has a high probiotic potential, is a source from which LAB can be isolated. *In vitro* activity of camel\'s milk against Gram-positive and -negative bacteria has been broadly reported [@bib7]. On the one hand, *Staphylococcus aureus,* an important Gram-positive cocci, is responsible for several infections like endocarditis, septic arthritis, pneumonia and mastitis in animals; however, it may occur as a commensal [@bib8]. Infections caused by *S. aureus* can spread through skin-to-skin contact with an infected individual by producing hyaluronidase that destroys tissues, through contact with pus from an infected wound and through contact with objects such as clothing, sheets, towels or athletic equipment used by an infected individual. On the other hand, *Escherichia coli* is a Gram-negative bacterium that is established in the intestinal tract [@bib9]. Pathogenic strains of this bacilli are differentiated from normal flora by their possession of virulence factors like exotoxins [@bib10].

We thus undertook to isolate and identify LAB from raw camel\'s milk from different locations in Kerman province, Iran. In addition, we assessed the natural protection of camel\'s milk against *S. aureus* and *E. coli* ATCC 25922.

Materials and Methods {#sec2}
=====================

Camel\'s milk samples {#sec2.1}
---------------------

Fourteen samples of raw camel\'s milk were obtained randomly from apparently healthy camels owned by nomads from different districts of Kerman province, Iran. The milk samples were obtained directly from the udder. The udder was washed with distilled water before collection and dried with single-service towels. The initial three streams of milk were discarded. Samples were then gathered directly into sterile tubes, stored in an icebox and transferred to the lab within 24 hours.

Isolation and enumeration of LAB {#sec2.2}
--------------------------------

To make an initial dilution (10^−1^), 10 mL camel\'s milk was homogenized with 90 mL of saline water (8.5 g/L). The suspension was utilized for making appropriate serial dilutions up to 10^−8^ by incorporating 1 mL into 9 mL of sterile saline water in sterile tubes. One milliliter of these dilutions was pour-plated in M17 agar, de Man Rogosa (MRS) agar [@bib11] and kanamycin aesculin azide agar (Merck, Germany). After incubation at 37°C for 48 hours under anaerobic condition (using anaerocult A gas packs; Merck), individual different colonies were phenotypically selected. Colony enumeration was conducted after incubation and was recorded as CFU per liter of milk.

Identification of isolates {#sec2.3}
--------------------------

All isolates were microscopically investigated for cellular arrangement, Gram staining and cell morphology. Only Gram-positive and catalase-negative isolates were identified at the species level. Biochemical tests were used in the identification study as described elsewhere [@bib12], [@bib13].

Genotypic identification using 16S ribosomal RNA {#sec2.4}
------------------------------------------------

The genomic DNA of the presumptive LAB strain was isolated utilizing the DNA extraction and purification kit according to the manufacturer\'s instructions (SinaClon, Karaj, Iran). The oligonucleotides used for PCR amplification of 16S ribosomal RNA (rRNA) gene were as follows: forward, 5′-AGAGTTTGATCMTGGCTCAG-3′, and reverse, 5′-TACGGYTACCTTGTTACGACTT-3′ [@bib14], with an expected product size of 1500 bp. Sequencing of PCR product was made by Takapozist (Tehran, Iran; on behalf of Bioneer, Daejeon, Korea). All the sequencing results were translated by LaserGene programming (DNASTAR, Madison, WI, USA) including MegAlign, EditSeq and SeqMan software.

Proteolytic activity in reconstituted skim milk {#sec2.5}
-----------------------------------------------

All the bacterial strains were incubated overnight at 37°C in MRS broth (Merck, Germany). After that, bacterial strains were cultured on MRS agar plates containing 10% skim milk. Subsequently, the plates were incubated at 30°C for 5 days. Proteolytic activity of the strains was considered positive when a halo was observed around the growth site of the bacteria [@bib15].

Determining antagonistic activity of isolated LAB using *in vitro* tests {#sec2.6}
------------------------------------------------------------------------

The antagonistic activity of LAB isolated in the study against *E. coli* ATCC 25922 and *S. aureus* PTCC 1431 was determined using disc diffusion and agar spot methods [@bib16]. Before directing the test, the possible LAB strains were cultured in MRS broth medium and incubated at 37°C for 24 hours. Then 4 μL of each bacterial isolate were spotted on the surface of MRS agar medium and incubated at 37°C for another 24 hours. Overnight culture of each strains was inoculated (1% v/v) in 15 mL of soft nutrient agar (containing 0.7% agar) and poured onto the inoculated MRS agar plates [@bib17]. Additionally, sterile Whatman paper discs (6.0 mm) were set on the agar plate, and each disc was promptly inoculated with 15 μL of a broth culture of every inhibitor bacteria. After overnight incubation at 37°C, the antimicrobial activity of tested bacteria was determined by measuring the diameter of the inhibition (clear) zones surrounding the colonies. A clear zone of more than 1 mm around a spot was scored as positive [@bib16]. Each test was performed twice. The inhibitory effect of MRS was tested as a negative control on each plate.

Results {#sec3}
=======

A total of 32 isolates were randomly chosen from 14 collected samples. They were all Gram-positive bacteria; in addition, a considerable number of yeast and catalase-positive bacteria were observed. Only eight isolates were stable after subculture and purification; these were consequently studied. After phenotypical examination, the isolates were classified into three groups of *Lactobacillus, Leuconostoc* and *Weissella* genera. LAB were counted in camel\'s milk utilizing ordinary media by the classic method. Concerning presumptive *Leuconostoc,* the number varied from 4.7 × 10^2^ to 4.9 × 10^7^ CFU/mL with an average of 6.2 × 10^6^ CFU/mL. The presumptive lactobacilli levels ranged from 1.5 × 10^2^ to 5.1 × 10^7^ CFU/mL with an average of 5.9 × 10^6^ CFU/mL. The presumptive *Weissella* counts ranged from 4.9 × 10^2^ to 5.8 × 10^7^ CFU/mL with an average of 7.3 × 10^6^ CFU/mL.

Representative isolates from every profile were examined for their 16S rRNA sequences ([Fig. 1](#fig1){ref-type="fig"}). Homology searches of the sequences uncovered (with 97--100% homology) that profile 1 belonged to *Leuconostoc mesenteroides* strain CAU1131 (accession number MH734173), profile 2 belonged to *Leuconostoc mesenteroides* strain JCM11043 (accession number MH734174), profile 3 belonged to *Lactobacillus plantarum* (accession number MH734175), profile 4 belonged to *Weissella Paramesenteroides* strain HYM110 (accession number MH734176), profile 5 belonged to *Lactobacillus plantarum* strain LAB12 (accession number MH734177), profile 6 belonged to *Weissella paramesenteroides* strain HYM110 (accession number MH734178), profile 7 belonged to *Lactobacillus plantarum* strain CAU2522 (accession number MH734179) and profile 8 belonged to *Weissella confuse* strain JS-7-1 (accession number MH734180). The results of proteolytic activity were reported negative in skim milk medium ([Table 1](#tbl1){ref-type="table"}).Fig. 1PCR amplification of 16S rRNA sequences used in this study by universal primers. NC, negative control; PC, positive control; rRNA, ribosomal RNA.Fig. 1Table 1Antagonistic and proteolytic activity of isolated lactic acid bacteria using *in vitro* testsTable 1Isolate no.Isolate*Staphylococcus aureus* subsp. *aureus* PTCC 1431*Escherichia coli* O157 H7Proteolytic activity1*Leuconostoc mesenteroides* strain CAU1131++−2*Leuconostoc mesenteroides* strain JCM11043+−−3*Lactobacillus plantarum*++−4*Weissella paramesenteroides* strain HYM110+−−5*Lactobacillus plantarum* strain LAB12+−−6*Weissella paramesenteroides* strain HYM110+−−7*Lactobacillus plantarum* strain CAU2522++−8*Weissella confuse* strain JS-7-1−−−

[Table 1](#tbl1){ref-type="table"} shows the inhibitory activity of isolated LAB against two pathogenic bacteria in the present investigation. Overall, the examined isolates had antagonistic effect against pathogenic bacteria because the inhibition was measured positive if the diameter of the clear zone around the colonies was 0.5 mm or larger. Isolates 1 to 7 had maximal inhibitory activity against *S. aureus* subsp. *aureus* PTCC 1431; isolates 1, 3 and 7 had inhibitory activity against *E. coli* ATCC 25922 ([Table 1](#tbl1){ref-type="table"}).

Discussion {#sec4}
==========

Intestinal pathogenic bacteria are one of the most main causes of food poisoning and diarrhoea, particularly in developing countries. Because of drug resistance in these bacteria, the therapeutic effects of these infections are decreased and need to be replaced with new strategies. In this study, we were able to detect and isolate different LAB such as those of the *Leuconostoc, Lactobacillus* and *Weissella* genera.

Several studies have suggested the potential of probiotics to improve the host\'s health in many ways, such as by boosting the immune system through the formation of lymphocytes in many organs, by ameliorating the effects of dyslipidaemia and type 2 diabetes and by presenting antimicrobial effect *in vivo,* among other functional properties [@bib18], [@bib19]. Studies have shown that probiotic dairy products containing LAB may be a good way to enhance the blood lipid profile and could be used to improve antioxidant defences [@bib19], [@bib20], [@bib21].

Because of the bactericidal impact of protease-sensitive bacteriocins, LAB have appeared to have inhibitory activities, mostly towards Gram-positive pathogens and closely related bacteria [@bib22]. *S. aureus* causes food poisoning by releasing enterotoxins into sustenance and toxic shock syndrome by releasing pyrogenic exotoxins into the circulatory system. These conditions have started a search for naturally produced biopreservatives. One area that has created much interest is the utilization of antimicrobial metabolites from LAB used in food fermentation. Some of the metabolites of these bacteria, including proteinaceous substances bacteriocins, diacetyls, lactic acid and hydrogen peroxide, have an antimicrobial effect against many pathogenic bacteria and food spoilage [@bib23], [@bib24]. LAB were also able to control the growth of Gram-negative pathogens, including foodborne pathogens [@bib25]. This report showed that most of the isolates had an inhibitory effect on *S. aureus* subsp. *aureus* PTCC 1431, while only few had an inhibitory effect on *E. coli* ATCC 25922. In addition, the proteolytic activity was negative. Proteolytic activity is one speculative marker of the health-promoting advantages that could be claimed in the consumption of fermented products.

From the perspective of probiotic potential, *L. mesenteroides, L. plantarum, W. paramesenteroides* and *W. confuse* isolated from camel\'s milk were chosen as LAB. Yateem et al. [@bib17] in a survey on camel\'s milk showed that the presence of *L. lactis* and *L. pentosus* act as probiotic LAB in raw camel\'s milk. An investigation was carried out for isolation and molecular identification of LAB from camel\'s milk and assessment of their probiotic properties in the Golestan province of Iran; the most frequently isolated LAB was enterococci, while *Leuconostoc, Weissella,* pediococci and lactobacilli were found less frequently [@bib26]. In addition, these results demonstrated that antimicrobial activity of the examined isolates was remarkable against *E. coli* and *Bacillus cereus* and *Pediococcus pentosaceus* showed the most antibacterial activity. In a 2015 study, the protective effects of camel\'s milk towards pathogenicity induced by *S. aureus* and *E. coli* in Wistar rats were also examined [@bib27]. Results showed that camel\'s milk had synergistic activity with ciprofloxacin against these two bacteria to decrease the dose of antibiotics and reduce bacterial resistance.

Brasca et al. ('Metabolic characteristics of lactic acid bacteria from camel milk,' paper presented at the 5th International Dairy Federation (IDF) Symposium on Cheese Ripening, 9--13 March 2008, Bern, Switzerland) purified 92 isolates of LAB utilizing frozen camel\'s milk, which classified as 44.56% and 55.43% of rods and cocci isolates, respectively, while Ashmaig et al. [@bib28] isolated 24 LAB from 12 samples of *gariss* (fermented camel\'s milk) in the Sudan. The isolates were classified into 66.6% rods and 33.3% cocci. Likewise, Khay et al. [@bib29] isolated a total of 450 cultures from 25 samples of dromedary milk collected from the Laâyoune region of Morocco. Of these, 30 were determined to be LAB. The presence of yeast in the examined samples is perhaps a result of udder skin contamination, as specified by earlier studies [@bib17], [@bib25].

In conclusion, the results obtained from this investigation recommend camel\'s milk as a source for the isolation of potentially probiotic LAB strains, which may have antagonistic properties against enteric pathogenic bacteria. More extensive investigations are expected to affirm these proposed medical advantages and to support the use of camel\'s milk.
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